An X-ray analysis employing three-dimensional Fourier syntheses has established the crystal structure and molecular dimensions of the di-isoprene derivative, geranylamine hydro chloride. The molecules, which have a trans configuration and are therefore analogous to gutta percha, lie parallel and end to end in pairs within an ionic framework where each nitrogen atom is equidistant from four chlorine neighbours. The two isoprene units are planar and have normal interatomic distances, but are linked by a C-C bond markedly shorter than a normal single bond. This unusual bond feature is accompanied by a coplanar arrangement with the adjacent carbon bonds.
recently proposed by Bunn (1942) are subject to the same limitations and cannot be regarded as necessarily final solutions, particularly as they entail surprisingly large valency distortions of a type hitherto unparalleled.
With the object of determining indirectly the interatomic dimensions in these polymers attention has been directed to simpler analogues. Following the study of a mono-isoprene compound by Cox & Jeffrey (1942), derivatives of geraniol were considered since they possess a di-isoprene system akin to the repeating units in the long-chain polymers. Although many of these compounds are unsuitable for X-ray methods, the hydrochloride of geranylamine (1) afforded the requisite crystals for intensity measurements, and their favourable space group together with the presence of a comparatively heavy chlorine atom has made possible the complete and accurate analysis of the structure:
CH-C=CH-CH2-CH2-C=CH-CH,-NH,. Cl I I (1) CH, CH, V ' A .complete description of the structure excluding the hydrogen atoms therefore requires the determination of 36 atomic parameters. For this purpose, all plane reflexions within the range of CuKa radiation were recorded on oscillation photo graphs about the principal axes, and their relative intensities were estimated by eye with the aid of calibration charts. As it is important that these values should be absolute, they were related to selected intensities transmitted through a thin crystal slab and measured by photometric comparison with a standard rock-salt (400) reflexion recorded on the same film. All photographs were taken three or more times with different exposures, using aluminium screens of known absorption to bring strong spots within the range of linear X-ray density.
From the experimental measurements the structure amplitudes of 1060 planes were calculated by the usual formulae, and were used first in the summation of a three-dimensional F2 (Patterson) Fourier synthesis.
T h e a r r a n g e m e n t o f t h e c h l o r in e a t o m s
The positions of the chlorine atoms were derived directly from the Patterson synthesis by virtue of the outstanding Cl-Cl vector peaks, two at co-ordinates (0*107, 0*50, 0*162) and (0*107, 0*50, 0*662) and a third of double height at (0*00, 0*00, 0*50). These peaks must arise from atoms at either (0*053, 0*25, 0*081) or (0*053,0*25,0*331) in conjunction with atoms symmetrically related. The former was ultimately shown to be correct, but both possibilities had to be considered since no distinction can be made between the centre of symmetry and the screw axis for atoms on the glide planes. The P atterson synthesis, having sym m etry planes a t = 0 an d cannot reveal any small departure in the y param eter from 0-250. This was assum ed to be exact for the approxim ate structure, and during th e successive refinem ents no evidence to the contrary was observed. F u rth er confirm ation was available a t the conclusion of the analysis from the comparison of th e agreem ent between observed and cal culated structure am plitudes for planes w ith l odd, where the chlorines m ake zero contribution, and those w ith l ev en : _| ^b. L J ^caic. I 27*0 and 17-8 % respectively.
I ^obs. I
As shown in figures 4 and 5 these halogen atom s lie in sheets close to th e (100) planes enclosing the organic molecules in pairs between them .
D e te r m in a tio n of t h e a ppro x im a te stru c tu r e
The general orientation of the molecules was ap p aren t from the length of th e a axis; and from the weak odd layer lines on the c axis photographs it was clear th a t other atom s besides the halogens m ust lie on or near the glide planes. F u rth er inform ation was derived from the P atterson synthesis which was com puted over sections parallel to (010) a t intervals of ys ufficiently peaks. Six such peaks of height corresponding to Cl-N and Cl-C distances indicated positions for N, Cl5 and C2 in which the nitrogen was equidistant from four chlorine atom s and the interatom ic distances and valency angles were approxim ately norm al. This was the only arrangem ent com patible w ith th e vector maps. Beyond this stage, however, these became m uch more com plicated and fu rth er direct interp retatio n was not possible. For the remaining eight atom s trial and error m ethods were adopted and the P atterso n synthesis was useful only in restricting the num ber of possibilities to be considered.
A model based on normal interatom ic dimensions was used, first to ascertain arrangem ents which would satisfy the principal structure factors of the ( ) zone, and then for further trials w ith general planes. Owing to th e wide range of free rotation about each single bond, a large num ber of configurations was tried and rejected before arriving a t a set of co-ordinates which, when refined by Fourier F synthesis, resulted in a m arked im provem ent in the agreem ent between the observed and calculated structure factors. These and all subsequent syntheses were of the three-dim ensional type, since projections were of little value even on the m ost favourable (010) plane.
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T h e F o u r ie r F sy n th esis S tarting from the approxim ate structure, the atom ic co-ordinates were refined by the m ethod of successive Fourier syntheses. The sum m ations were evaluated from all the available d ata using Beevers and Lipson's strips over sections and along lines a t values of x, y and z appropriate to the m axim um of each atom peak. After F ig u r e 1. P rojection of th e m olecule a n d F ourier sections on (010).
F ig u r e 2. P rojection of th e molecule and Fourier sections on (001). the fifth series, the structure-factor calculations revealed no fu rth er sign changes, and the electron maps from this final sum m ation are shown in figures 1 and 2. F o r the purpose of illustration, the electron density peaks for one molecule have been taken from the sectional sum m ations and superim posed on th e b and c planes respec tively. The contours are a t intervals of one electron per A3, w ith th e exception of the chlorine atom where the scale is two electrons. The zero and first contours have been om itted for clarity in the diagrams. These m aps show clearly th a t th e peaks are different for carbon atom s a t opposite ends of th e molecule and although approxi m ately equal in to tal volume they become progressively flatter for each atom along the chain from the nitrogen. While it cannot be certain th a t this has a real physical significance and does n o t arise merely from the use of a finite Fourier series, th e m agnitude of the effect suggests th a t it m ay be attrib u te d to a variation in therm al m otion between th e polar and non-polar ends of th e molecule.
T h e f in a l ato m ic p a r a m e t e r s
The atom ic param eters were m easured directly from the m axim um of each peak in the Fourier synthesis and gave the interatom ic dimensions shown in table 1. The general correctness of this solution is substantiated by the satisfactory agreem ent between th e observed and calculated structure factors for all planes, and in place of the complete num erical list of 1060 values, which was subm itted w ith the paper but not published, this agreem ent is shown diagram m atically in figure 3 for some 500 values.
In order to exam ine the accuracy of th e results two further Fourier syntheses were evaluated. The full experim ental d ata used previously contained a greater num ber of observed intensities for th e l even series of planes th a n for the / odd by reason of the com paratively heavy chlorine atom contributing to the form er b u t not th e latter. I t seemed advisable when locating the carbon atom s th a t the sum m ations from the l even and l odd planes should include an equivalent num ber of term s. The synthesis was therefore repeated for th e carbon skeleton om itting those 
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E vidence as to w hat exten t this can be regarded as a general property of the polyisoprene system m ust await the exam ination o f compounds w ith a similar structural modification.
Other stereochemical features o f importance in the geranylamine structure concern the angular position o f the C5-C6 bond relative to the two isoprene planes. Free rotation about the bond C3-C5 will be influenced by repulsion o f the CH2 group by the CH and CH3. I f the CH2 group lies in the plane o f the isoprene (Cx... C5), then the approach between one or other pair o f these atom s would be of the order o f 2*8 A; a distance which in the absence o f any special bonding between the hydrogen atom s provides an appreciable energy barrier. In the observed structure, the C5-C6 bond is oriented at 80° to the isoprene plane and the steric repulsions balance at alm ost equal distances (C6-C2 3-28 A, C6-C4 3*24 A). In contrast, since there is no m ethyl addendum to C7, the rotation about C6-C7 relative to the other isoprelie plane is influenced solely by the approach o f the CH2 to the CH3(10). Over a large angular range, this repulsion will be ineffectual and the factors determining the observed angle o f 45° between the C6-C6 bond and the C6... C10 plane m ust arise m ainly from the packing o f adjacent molecules in the crystal lattice, and probably from the relation between the terminal C(CH3)2 groups in particular. Whereas this latter steric effect is specific to the particular intermolecular arrangement, the former depends upon intramolecular forces and, since it will apply to any molecule with the same configuration, has an important bearing on the stereochemistry of the long-chain polymers.
T h e i n t e r m o l e c u l a r a r r a n g e m e n t
The packing of the molecules in the crystal lattice is illustrated in figures 4 and 5. The hydrocarbon chains lie parallel with the molecules end to end in pairs. Each nitrogen is associated with four chlorine atoms at nearly equal distances. C a l c u l a t e d a n d o b s e r v e d s t r u c t u r e f a c t o r 
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